Introduction
Ornaments and displays that males use to attract females as mates have received considerable theoretical and empirical attention because their apparent high cost is an enigma to natural selection theory (reviewed by Mùller, 1994; Andersson, 1994) . Most attention has been given to possible hypotheses explaining the presence of female mating preferences (Fisher, 1930; Zahavi, 1975; Lande, 1981; Grafen, 1990; Ryan et al., 1990; Iwasa et al., 1991; Pomiankowski et al., 1991) . In addition, several studies have considered why males should possess`multiple' ornaments (Pomiankowski & Iwasa, 1993; Mùller & Pomiankowski, 1993; Iwasa & Pomiankowski, 1994; Omland, 1996; Prum, 1997) .
However, most of the work on ornaments has been concerned with morphological traits rather than the behavioural displays which caught the attention of early ethologists Hinde & Tinbergen, 1958) . A few studies have examined interspeci®c variation in the number of male displays (Read & Weary, 1992; Prum, 1997) . Although recent sexual selection theory attempts to explain the existence of multiple ornaments (Schluter & Price, 1993; Pomiankowski & Iwasa, 1993; Iwasa & Pomiankowski, 1994) , it is not clear why some species have more displays than others; ecological (Endler, 1992; Schluter & Price, 1993) or social factors not directly relating to mechanisms of sexual selection may be responsible. Here I explore these possibilities using a comparative study of the size of the courtship display repertoire in dabbling ducks.
Male dabbling ducks have courtship displays that can be readily homologized . Males typically perform these displays in courtship parties of several males in the presence of one or more females (McKinney, 1975 
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considerably among species (McKinney, 1978) . Several hypotheses could potentially explain this variation in display repertoire size in the dabbling ducks.
Here I test each of these hypotheses using a comparative approach. I use a phylogeny of the dabbling ducks (Johnson & Sorenson, 1998 , 1999 Fig. 1) to reconstruct the evolution of each courtship display. I use two statistical methods for hypothesis testing: a continuous character method (independent contrasts, Felsenstein, 1985) and a discrete character method (concentrated changes test, Maddison, 1990) . Each hypothesis is presented below.
Species recognition
Increased need for species recognition selects for novel, unique displays which increases the repertoire size (large repertoire).
The ®rst hypothesis that could explain the evolution of repertoire size is species recognition. Until more recent emphasis on sexual selection, species recognition was the predominant hypothesis to explain the presence of ornaments and displays in many animal groups (Mayr, 1942) . The use of displays and bright ornaments for species recognition is thought by some to be important in birds (Sibley, 1957) and speci®cally in waterfowl (Johnsgard, 1963) . While most current literature does not strongly emphasize this possibility (West-Eberhard, 1979) , or suggests that species recognition is a byproduct of selection for mate preferences (Ryan & Rand, 1993; Price, 1998) , I explicitly test a species recognition hypothesis. Assuming that selection for species recognition would favour display divergence and the evolution of novel, unique displays, an increased need for species recognition should select for larger display repertoires. A prediction of this hypothesis is that species which have more sympatric dabbling duck species (i.e. species with which a given species could potentially hybridize) among which to distinguish should have larger display repertoires. Conversely, species with few or no sympatric dabbling duck species should have a small or reduced display repertoire.
Courtship habitat
Increased predation risk on land vs. water favours a reduction of courtship conspicuousness on land (reduced repertoire).
A second hypothesis to explain differences in the size of display repertoires relates to the habitat where males perform courtship displays. Early work in animal behaviour suggested that ecological factors are important in in¯uencing the evolution of displays and communication systems (Cullen, 1957; Crook, 1964; McKinney, 1965; Holldobler, 1977) . Recent sexual selection models rarely include habitat differences in models of the evolution of female choice (but see Endler, 1992; Schluter & Price, 1993 , for a theoretical treatment of the importance of the environment on signal evolution). Several recent empirical studies have indicated that habitat characteristics may play an important role in the evolution of sexually selected traits (Endler & Houde, 1995; Endler & Thery, 1996; Seehausen et al., 1997; Price, 1998) . Most species of dabbling ducks perform the majority of their courtship on the surface of the water; however, some species also perform a considerable amount of courtship on land. In addition to being visually conspicuous, many of the elaborate displays in dabbling ducks also have loud vocalizations associated with them (Johnsgard, 1965) . Kaltenhauser (1971) suggested that species which exhibit courtship on land are more susceptible to predation by terrestrial predators and that this favours a reduction in courtship conspicuousness. Speci®cally, displays that are the most visually obvious or have the loudest accompanying vocalizations should be lost. This habitat (ecological) hypothesis predicts that species which frequently perform courtship on land should have a reduced display repertoire, while species that perform most of their courtship on water should have a large display repertoire.
Sexual selection intensity
Increased sexual selection intensity results in increased elaboration of ornaments (plumage dimorphism) and displays (repertoire size). Darwin (1871) recognized the potential importance of interspeci®c variation in the opportunity for sexual selection to create interspeci®c variation in the type and number of male secondary sexual traits. If there is variation in sexual selection intensity between species (due to mating system, sex ratio biases, variation in female choosiness, etc.), then the elaboration of traits that are sexually selected could be correlated (e.g. Prum, 1997) . Mùller & Pomiankowski (1993) showed that polygynous species are more likely to possess multiple ornaments than are monogamous species. While direct measurements of sexual selection intensity have not been conducted in any species of dabbling duck, species vary in whether or not males have ornamented plumage (i.e. plumage dimorphism). Speci®cally, if the presence of dimorphic plumage and courtship displays are under the operation of sexual selection in dabbling ducks (Sorenson & Derrickson, 1994; Omland, 1996) , then the number of male courtship displays should be positively associated with the presence of dimorphic plumage. This assumes that variation in sexual selection intensity accounts for both the variation in plumage dimorphism and repertoire size. In this analysis, plumage dimorphism serves as a surrogate for the intensity of sexual selection, and display repertoire size is examined in relation to plumage dimorphism. The sexual selection intensity hypothesis predicts that gains in displays should occur on branches on which dimorphic plumage is the reconstructed state.
Display media tradeoff
Secondary sexual traits are costly such that there is a tradeoff between using one type of elaborated trait over another (dimorphic plumage vs. display repertoire size).
An alternative to the sexual selection intensity hypothesis is the display media tradeoff hypothesis (also called the transference hypothesis, Kusmierski et al., 1993) . This hypothesis (Gilliard, 1956; Borgia, 1993; Kusmierski et al., 1993 Kusmierski et al., , 1997 suggests that ornaments of various types are costly. There may be a tradeoff between display using one media and display using another (e.g. plumage vs. behavioural display in ducks). This process has been invoked for bowerbirds because species with brightly coloured males build simple bowers, while males of monomorphic species build elaborate bowers (Gilliard, 1956; Borgia, 1993; Kusmierski et al., 1993) . This hypothesis predicts that large display repertoires should be associated with monomorphic plumage and small display repertoires with dimorphic plumage.
Time constraints on pair formation (migration)
Species that migrate are constrained such that females must choose a mate more quickly and thus require more elaborate traits (a larger display repertoire) on which to base their choice.
A ®nal hypothesis relates to the time needed for pair formation. In songbirds constraints on the time available for pair formation may in¯uence the elaboration of sexually selected traits (Hamilton, 1961; Catchpole, 1980; Read & Weary, 1992) . That is, species in which females must distinguish among males quickly should prefer males that enhance the ability of females to choose among males (i.e. ornamented males). Songbird species that migrate (and have less time for pair formation) appear to have more syllable types in their repertoire of songs (Read & Weary, 1992) , perhaps enhancing female discrimination ability. The`good migrator' hypothesis (Fitzpatrick, 1994) makes similar predictions to the time constraints hypothesis and suggests that females use male ornaments or displays to evaluate male condition after the rigors of migration. Pair formation in dabbling ducks occurs mainly on the wintering grounds over a period of several months (Rohwer & Anderson, 1988) . Therefore, if a correlation between migratory behaviour and display repertoire size exists, it would more likely support the good migrator hypothesis rather than time constraints.
Methods

Ancestral reconstructions
I scored 40 species of dabbling ducks (Anatini) for the presence or absences of 18 male courtship displays using information from other workers (Johnsgard, 1965; McKinney, 1978; McKinney, personal communication;  and see Appendix 1) and personal observations. Because this group has been under intensive study by behavioural biologists for many years (McKinney, 1992) , I was able to score con®dently the absence of these displays in species that lack them. The evolution of courtship displays was reconstructed using unordered parsimony over a phylogeny derived from over 2000 base pairs of mtDNA sequences (Johnson & Sorenson, 1998 , 1999 Fig. 1) using MacClade (Maddison & Maddison, 1992) . Most courtship displays are complex characters and unlikely to show true convergence; therefore, I used reconstructions that minimized the number of gains in these displays when there was more than one most parsimonious reconstruction. As an example, Fig. 1 shows this reconstruction for the Grunt-whistle display. Because ancestral state reconstruction depends on several assumptions (Cunningham et al., 1998) , I also used continuous character methods. The number of displays present was tallied for each species and I reconstructed ancestral values of the number of male courtship displays using continuous character reconstruction methods in CAIC (Purvis & Rambaut, 1994) . These reconstructions were used in the statistical tests I describe.
Species recognition
I tallied the number of sympatric species with a potential for hybridization (i.e. other dabbling ducks) for each species from distribution maps in Madge & Burn (1988) . A species was scored as sympatric with the focal species if it occurred in more than half of the focal species' range. I used two statistical techniques to test the hypothesis that larger repertoires are associated with more sympatric species. First I treated both the number of sympatric species and the number of courtship displays as continuous characters and used independent contrast techniques (Felsenstein, 1985) as implemented by CAIC to test for a positive association. I used linear regression through the origin of the contrasts in display repertoire size against the contrasts in number of sympatric species. As an alternate technique, I used squared change parsimony (Maddison, 1991) to reconstruct which branches had increases or decreases in the number of sympatric species using MacClade (Maddison & Maddison, 1992) . I then examined whether gains in courtship displays were associated with increases in the number of sympatric species and whether losses in displays were associated with decreases in the number of sympatric species using the concentrated changes test (Maddison, 1990 ; implemented using MacClade, Maddison & Maddison, 1992 ). This test was performed individually with each display and a overall P-value was assessed using Fisher's combined probability (Sokal & Rohlf, 1981) .
The power of the concentrated changes test decreases dramatically when the number of gains and losses in the dependent variable is very small (Maddison, 1990) . For example, it is impossible to obtain a P-value of less than 0.10 under the species recognition hypothesis or any of the following hypotheses given only one gain in a display (the case for 11 of 18 displays). In addition, given one gain and two losses (the case for one display) it was not possible to achieve a P-value of less than 0.05 under three of the hypotheses even with all the changes occurring in the predicted direction. Because of this limitation, I also repeated all concentrated changes test analyses using only displays which showed greater than a combination of three gains and losses: Grunt-whistle, Head-up-tail-up, Down-up, and Bill-up.
Courtship habitat
To test the hypothesis that species which exhibit social courtship on land have a smaller display repertoire to reduce the conspicuousness of courtship (Kaltenhauser, 1971) , I scored species for the presence or absence of courtship occurring on land from Kaltenhauser (1971) , other literature (Wishart, 1983; Williams et al., 1991; Brewer, 1997) , and personal observations. For this character, however, information on several species (especially in the blue-winged ducks) was lacking so these species were scored as missing for the CAIC analysis. I used unordered parsimony to reconstruct this binary character over the tree with MacClade (Maddison & Maddison, 1992) . Again I tested the hypothesis using two statistical techniques. First, I treated the number of courtship displays as a continuous character and used a modi®ed independent contrasts technique (the brunch algorithm in CAIC, Purvis & Rambaut, 1994) with the contrasts in number of courtship displays as the dependent variable at nodes where the discrete variable (display on land) changed. I tested whether or not these contrasts were signi®cantly negative (i.e. transitions to display on land associated with decreases in display repertoire size) with a two-tailed Wilcoxon signed rank test.
As an alternative test of this hypothesis, I ®rst reconstructed the evolution of each display and courtship habitat (Fig. 2) . I used the concentrated changes test Evolution of display repertoire size 637 (Maddison, 1990) to examine whether gains in display were concentrated on branches with courtship on water only and whether losses in display were associated with branches on which courtship on land was reconstructed. For example, one gain in the Grunt-whistle (Fig. 1) occurs on a branch that lacks courtship on land (white branches in Fig. 2) ; the three losses in the Grunt-whistle occur on branches which have courtship on land reconstructed (black branches in Fig. 2 ). The P-values for tests from all displays were pooled with Fisher's combined probability and again the test was repeated with just the four displays showing more than three combined gains and losses. I restricted the concentrated changes test analysis to a clade (shown in Fig. 2 ) for which information about whether a species showed courtship on land was available for most species.
Sexual selection intensity
I tested the sexual selection intensity hypothesis by scoring each species for the presence or absence of dimorphic plumage from plates in Madge & Burn (1988) . A previous study of dimorphism with two additional independent scorers (Johnson, 1999) obtained identical codings across all observers and is identical to the one presented here. I reconstructed changes in plumage dimorphism over the phylogeny using MacClade (Maddison & Maddison, 1992) with unordered parsimony and the DELTRAN algorithm (see Fig. 3 ). The prediction was that gains in displays and larger repertoires should be associated with dimorphic plumage. I used both the modi®ed independent contrasts method with dimorphism as a discrete variable and the number of displays as a continuous variable (see Courtship habitat) and the concentrated changes test with both displays and plumage as discrete variables with Fisher's combined probability (see Courtship habitat). Again, with the second technique, analysis was restricted to the four most variable displays, and all species were included. I used a two-tailed Wilcoxon signed rank test to test for signi®-cantly positive contrasts.
Display media tradeoff
This hypothesis was tested in a similar way to the previous hypothesis (see Sexual selection intensity). However, here the predictions were reversed such that larger repertoires were predicted to be associated with monomorphic plumage (negative contrasts).
Time constraints on pair formation (migration)
I scored each species as sedentary or migratory using Briggs & Lawler (1991) . Again both independent contrasts and concentrated changes test techniques were used to test the hypothesis that large display repertoires are associated with migratory species. These statistical tests were performed in a similar way to the Courtship habitat tests with migratory behaviour as a discrete variable. Again I performed an additional concentrated changes test analysis restricted to the four most variable displays. Table 1 summarizes the results of all analyses.
Results
Species recognition
Regression through the origin of 39 contrasts in number of courtship displays against contrasts in the number of sympatric species was not signi®cant (P 0.57). In addition, Fisher's combined probabilities for concentrated changes tests (Maddison, 1990) examining gains in displays with increases in number of sympatric species and losses in displays with decreases in the number of sympatric species were both nonsigni®cant (all P > 0.10). This was also the case when the test was restricted to the four most variable displays (P > 0.10). In fact, the smallest P-value from a concentrated changes test for any individual display was 0.14. Thus, none of the analyses supported the species recognition hypothesis.
Courtship habitat
The modi®ed independent contrasts technique (Purvis & Rambaut, 1994) for courtship on land as a discrete variable produced only ®ve contrasts. However, all of these contrasts were negative (reduced repertoire with change to courtship on land); a two-tailed Wilcoxon signed rank test revealed that this was signi®cant (P 0.042). The combined probability for concentrated changes tests from all displays suggested a trend towards losses of displays in the presence of courtship on land (P 0.059). In addition, when only tests from the four most variable displays were combined, the combined probability was highly signi®cant (P 0.004). The lowest Fig. 3 Reconstruction of dimorphic plumage over the tree topology from Johnson & Sorenson (1999) . A Anas. 
Species recognition
P > 0.10* P > 0.10 P > 0.10 Courtship habitat P = 0.042à P = 0.059 P = 0.004 Sexual sel. intensity P = 0.031à P > 0.10 P = 0.025 Display med. tradeoff P > 0.10à P > 0.10 P > 0.10 Time constraints P > 0.10à P > 0.10 P > 0.10 P-value from any individual test was 0.002. Since the power of this test was lower because of missing information concerning whether certain species exhibit courtship on land, a signi®cant result should be considered relatively strong (in comparison to tests of the other hypotheses). This analysis supports the courtship habitat hypothesis.
Sexual selection intensity
There were 11 contrasts in display repertoire size in relation to dimorphic plumage. Six of these were positive (increased repertoire with evolution of dimorphism) and ®ve were zero. This result is signi®cant with a two-tailed Wilcoxon signed rank test (P 0.031). The combined probability of concentrated changes tests for all displays was not signi®cant (P > 0.10); however, the restricted four display combined probability analysis produced a signi®cant association (P 0.025) between gains in displays and dimorphic plumage. The lowest P-value from any individual concentrated changes test was 0.046. This analysis supports the sexual selection intensity hypothesis.
Display media tradeoff
Contrasts in display repertoire size with dimorphic plumage were in the opposite direction to that predicted by the media tradeoff hypothesis (P > 0.10, see results for Sexual selection intensity). In addition, the full and restricted combined independent contrasts tests were both nonsigni®cant (P > 0.10). The lowest P-value from any individual test was 0.43. There is no support for the display media tradeoff hypothesis.
Time constraints on pair formation (migration)
There were 12 contrasts in display repertoire size in relation to migratory behaviour; four of these were positive (increased repertoire with migration) and two were negative (decreased repertoire with migration). This is not signi®cant with a two-tailed Wilcoxon signed rank test (P 0.34). Neither the full nor restricted combined concentrated changes test analyses was signi®cant (P > 0.10). The lowest P-value from any individual test was 0.083. This analysis suggests that the time constraints (migration) hypothesis is not supported in the dabbling ducks.
Discussion
Variation in the type and number of male secondary sexual traits is considerable across animal species (Darwin, 1871). Few hypotheses have been explicitly developed to explain these patterns (Mùller & Pomiankowski, 1993) . Of the ®ve hypotheses available to explain differences in courtship display repertoire size, I found evidence supporting two of these in the dabbling ducks: courtship habitat and sexual selection intensity. I used two extremely different statistical comparative techniques and both gave similar results; thus, these analyses are relatively robust. Three hypotheses were not supported. Species recognition could not explain the variation in courtship display repertoire size among species. While waterfowl have often been suggested as a case where plumage and displays are important in species recognition (Johnsgard, 1963) , my results provide no support for this process operating on display repertoire size in the dabbling ducks. Species with fewer sympatric congeners do not have reduced display repertoires. The display media tradeoff hypothesis was also not supported by these analyses. While this phenomenon may be occurring in some groups (e.g. bowerbirds, Kusmierski et al., 1993) , there does not appear to be a tradeoff between plumage and the number of behavioural displays in the dabbling ducks. The time constraint hypothesis was not supported and seems unlikely in waterfowl. While many species of dabbling ducks migrate from wintering grounds to breeding areas and females form new pairs every year, most pair formation in dabbling ducks occurs on the wintering grounds over a time period of several months (Rohwer & Anderson, 1988) . This observation suggests that there are not large time constraints on females to form pairs quickly and that this hypothesis is unlikely to hold for dabbling ducks. In addition, the`good migrator' hypothesis with the same predictions (Fitzpatrick, 1994) , while more feasible for dabbling ducks than the time constraints hypothesis, is also not supported.
Two hypotheses were supported by the analyses, and potentially both are important in determining interspeci®c variation in courtship display repertoire size. The ®rst is an ecological factor: courtship on land. Many authors have suggested that ecological factors are important in explaining differences in displays and display repertoires across species (Cullen, 1957; Crook, 1964; McKinney, 1965; Holldobler, 1977; Wiley & Richards, 1978; Endler, 1992; Seehausen et al., 1997) ; however, these explanations are not often given much attention in the recent sexual selection literature (e.g. see review by Andersson, 1994) . In the dabbling ducks, comparative analysis indicates that species exhibiting a considerable amount of courtship on land have a reduced display repertoire. A possible selective pressure explaining this pattern could be the importance of reduced conspicuousness of courtship on land because of increased predator pressure (Kaltenhauser, 1971) . Indeed, the displays that are most often lost in species which court on land are ones with an accompanying vocalization. A tradeoff between the exaggeration of male display and predation pressure may be an important feature of male courtship systems in animals (Endler & Houde, 1995; Endler & Thery, 1996) . Secondly, sexual selection intensity (either intersexual or intrasexual selection) appears potentially important in explaining differences in display repertoire size across species. While I was unable to obtain a direct measure of sexual selection intensity across species, two male traits (dimorphic plumage and number of displays) that are presumably under the operation of sexual selection in the dabbling ducks (since they are exhibited during courtship of females) were positively correlated across species. In this analysis, plumage dimorphism served as a surrogate for sexual selection intensity. The results of this analysis suggest that perhaps sexual selection is stronger in some species than in others and that this selects for both increased display repertoire size and elaborate plumage in species with intense sexual selection. Plumage condition has been shown to be an important factor in female mate choice in some species of dabbling ducks (Sorenson & Derrickson, 1994; Omland, 1996) , but the importance of display repertoire size has not been investigated in either observational or experimental studies.
While the analyses presented here represent phylogenetic correlations between traits, a full understanding of the factors important in the evolution of display repertoires will also require direct empirical investigations of the important forces in several species. The combination of the comparative approach with observational and experimental techniques has the power to provide strong evidence for testing various competing hypotheses. Comparative studies highlight needs for further study and often provide new hypotheses for testing (McLennan, 1991) . For example, this analysis suggests that measurements of courtship conspicuousness and predator pressure of land vs. water based courtship are needed across dabbling duck species if the courtship habitat hypothesis is to be further investigated. In addition, the effect of displays and plumage on mate choice by females needs to be quanti®ed across species to provide further evidence for the sexual selection intensity hypothesis.
This analysis demonstrates the power of comparative methods in testing hypotheses concerning the evolution of displays. However, the utility of these techniques depends on having both a well-supported phylogeny and on careful documentation of displays in various species. Information on displays in the dabbling ducks is among the most complete for any group of birds (McKinney, 1992) . Comparative analyses of behaviour in other groups will be more challenging because of the need to obtain behavioural information for a large number of species.
